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ABSTRACT 
 
T%# N/"),&/* R#&#?/4*# E&#051 L/4,0/",01 /&3 
+,**/4,0/")&5 /5#&+)#; /0# ?,0P)&5 ",?/03; /& G$3/"# ,R "%# 
YJZ1#/0 B[6BZB[[J N/"),&/* S,*/0 R/3)/"),& D/"/ B/;# 
\NSRDB]O T%); G$3/"# ?)** )&+*G3# %,G0*1 ;,*/0 0/3)/"),& 
</*G#; \/*9,;" #&")0#*1 9,3#*#3] R,0 5*,4/*6 3)0#+"6 /&3 
3)RRG;# ;,*/0 </*G#;6 /; ?#** /; /++,9$/&1)&5 
9#"#,0,*,5)+/* 3/"/O T%# 3/"/ ;#" +,<#0; "%# B[[BZ2JJJ 
3#+/3# /&3 )&+0#9#&"/* /&&G/* 3/"/ ;#"; R0,9 2JJBZ2JJ_O 
A& )9$,0"/&" #&%/&+#9#&" 0#*/")<# ", "%# ,0)5)&/* NSRDB 
?)** 4# /& %,G0*1 BJZP9 - BJZP9 50)33#3 3/"/ ;#" R,0 "%# 
Q&)"#3 S"/"#; \#-+*G3)&5 &,0"%#0& A*/;P/ /4,<# 6J 3#5] 
$0,3G+#3 41 "%# S"/"# Q&)<#0;)"1 ,R N#? Y,0P /" A*4/&1O 
T%); ;/"#**)"#Z3#0)<#3 3/"/ ;#" ?)** &," ;$/& "%# #&")0# $#0),3 
4/+P ", B[[B6 4G" 0/"%#0 ?)** 4#5)& )& B[[I ?%#& "%# 
;/"#**)"# )9/5# /0+%)<# ?/; )&)")/"#3O T%# G$3/"#3 NSRDB 
?)** 4# "0/&;R#00#3 ", "%# N/"),&/* C*)9/")+ D/"/ C#&"#0 R,0 
3);"0)4G"),&O 
 
 
BO  INTRODQCTION 
 
I& B[[26 "%# N/"),&/* R#&#?/4*# E&#051 L/4,0/",01 
\NREL] 0#*#/;#3 "%# B[6BZB[[J N/"),&/* S,*/0 R/3)/"),& 
D/"/ B/;# \NSRDB]6 / YJZ1#/06 2Y[Z;"/"),& 3/"/ ;#" ,R 
9#/;G0#3 /&3 9,3#*#3 ;,*/0 0/3)/"),& /&3 /++,9$/&1)&5 
9#"#,0,*,5)+/* 3/"/ R,0 "%# Q&)"#3 S"/"#; \B]O I& 2JJY6 
NREL )&<#;")5/"#3 "%# R#/;)4)*)"1 ,R $0,3G+)&5 / B[[BZ2JJJ 

G$3/"# ,R "%# NSRDB /&3 4#5/& +,**/4,0/")<# ?,0P ?)"% 
;#<#0/* ,"%#0 /5#&+)#;6 )&+*G3)&5 "%# N/"),&/* A#0,&/G")+; 
/&3 S$/+# A39)&);"0/"),& \NASA]6 "%# N/"),&/* C*)9/")+ 
D/"/ C#&"#0 \NCDC]6 "%# N,0"%#/;" R#5),&/* C*)9/"# 
C#&"#0 \NRCC]6 "%# S"/"# Q&)<#0;)"1 ,R N#? Y,0P /" 
A*4/&1 \SQNYA]6 "%# Q&)<#0;)"1 ,R O0#5,&6 "%# Q&)<#0;)"1 
,R W);+,&;)&6 /&3 "%# $0)</"# R)09 S,*/0 C,&;G*")&5 
S#0<)+#;O T%# R)&/* G$3/"#3 B[[BZ2JJ_ NSRDB6 ", )&+*G3# / 
3#+/3# 3/"/ ;#" R,0 B[[BZ2JJJ /&3 R)<# /&&G/* G$3/"#; R0,9 
2JJBZ2JJ_6 ); $*/&&#3 R,0 / 9)31#/0 2JJ6 0#*#/;#O 
A33)"),&/**16 ?# ?)** )&+*G3# / BJZP9 - BJZP9 50)33#3 3/"/ 
;#" $0,3G+#3 41 +,**/4,0/",0; /" SQNYA R,0 B[[IZ2JJ_O 
 
T%# ,0)5)&/* NSRDB %#*3 / ;#0)/**1 +,9$*#"# 3/"/ ;#" R,0 /** 
;G&ZG$ %,G0; R,0 2Y[ ;"/"),&;O B#+/G;# ,R #-$#+"#3 +%/&5#; 
)& "%# 0,;"#0 ,R N/"),&/* W#/"%#0 S#0<)+# ;)"#;6 /; ?#** /; 
"%# $,"#&")/* R,0 /33)&5 /33)"),&/* NSRDB ;)"#;6 ?# +%,;# 
&," 0#;"0)+" "%# *);" ,R G$3/"#3 ;"/"),&; ", "%,;# ;/9# 2Y[O 
I&;"#/36 ?# )&+*G3#3 /; 9/&1 ;"/"),&; /&3 /; 9G+% 3/"/ /; 
$,;;)4*# ", )&+0#/;# "%# G;#RG*&#;; ,R "%# 3/"/ ;#"O  
 
N," /** /$$*)+/"),&; 0#aG)0# ;#0)/**1 +,9$*#"# 3/"/6 /&3 "%G; 
?# 3#<);#3 / $*/& ", 3)<)3# "%# 3/"/ ;#" )&", "?, ;G4;#";6 ,0 
+*/;;#;6 4/;#3 ,& "%# /</)*/4)*)"1 ,R ,G"$G" 3/"/O C*/;; I 
;"/"),&; )&+*G3# ;#0)/**1 +,9$*#"# %,G0*1 ;,*/0 /&3 ;#*#+" 
9#"#,0,*,5)+/* 3/"/ R,0 "%# "/05#" 3#+/3# ,R B[[BZ2JJJO 
C*/;; II ;"/"),&; R/** ;%,0" ,R "%/" ;"/&3/036 4G" %/<# / 3/"/ 
3#&;)"1 G;#RG* )& ;,9# /$$*)+/"),&; R,0 +%/0/+"#0)T)&5 "%# 



;,*/0 0#;,G0+#O T%# C*/;; II ;"/"),&; %,*3 /" *#/;" D_b ,R 
$,;;)4*# 3/"/ R,0 /" *#/;" "%0## 1#/0;O  
W# +%,;# B_JK +/&3)3/"# ;)"#; R,0 / $0#*)9)&/01 #</*G/"),& 
3/"/ ;#"O AR"#0 $0,+#;;)&56 /& /&/*1;); ,R "%# ,G"$G" 3/"/ ;#" 
3#9,&;"0/"#3 "%/" /4,G" IJJ ;)"#; aG/*)R1 /; C*/;; I6 /4,G" 
6_J /; C*/;; II6 /&3 /4,G" _J $0,3G+#3 )&;GRR)+)#&" G;/4*# 
3/"/O F)5O B ;%,?; "%# 3);"0)4G"),& ,R "%#;# ;)"#; 0#*/")<# ", 
"%# B[6BZB[[J NSRDB ;"/"),&;O T%# IJJ C*/;; I ;)"#; 
0#$0#;#&" / 9,0# "%/& "%0##ZR,*3 )&+0#/;# )& ;)"#; ,<#0 "%# 
2Y[ ;)"#; )& "%# ,0)5)&/* NSRDBO \T%#;# &G94#0; 9/1 
+%/&5# )& "%# R)&/* <#0;),& ,R NSRDBO] 
 
T%# G$3/"# 3/"/ ;#" /*;, )&+*G3#; ;#<#0/* 9#"#,0,*,5)+/* 
$/0/9#"#0; &#+#;;/01 R,0 ;,9# ;,*/0 /$$*)+/"),&;O 

F)5O BL L,+/"),&; ,R NSRDB G$3/"# ;)"#; 0#*/")<# ", B[6BZ
B[[J NSRDB ;)"#; 
 
 
2O  PROcECT STATQS 
 
W,0P ,<#0 "%# $/;" ;#<#0/* 9,&"%; ",?/03 +,9$*#"),& ,R "%# 
G$3/"# )&+*G3#;L 
 
!" S#*#+"),& ,R "%# NSRDB 9,3#* 
!" C,9$*#"),& ,R "#&ZP9 50)33#3 )&$G" 3/"/ ;#"; R,0 

/#0,;,*;6 ?/"#0 </$,06 /&3 ,T,&# 
!" D#<#*,$9#&" ,R / ;"/");")+/* "#+%&)aG# R,0 #;")9/")&5 

","/* +*,G3 +,<#0 R0,9 ,$/aG# +*,G3 9#/;G0#9#&"; 
!" D#<#*,$9#&" ,R 3/"/ R)**)&5 "#+%&)aG#; ", /+%)#<# / 

+,9$*#"# $#0),3 ,R 0#+,03 ?%#0# $,;;)4*# 
!" D#<#*,$9#&" ,R / "#+%&)aG# ", ;%)R" "%# 3/"/ R0,9 "%# 

&/")<# ")9# 0#/*9 ,R "%# SQNYA ;/"#**)"# 9,3#* ", "%# 
NSRDB %,G0Z#&3)&5 +,&<#&"),& 

!" R#"0)#</* ,R 9#/;G0#3 ;,*/0 0/3)/"),& 3/"/ R0,9 </0),G; 
,&Z*)&# /0+%)<#; ,0 3/"/ 3);"0)4G"),& ;)"#; 

!" P0,3G+"),& ,R / $0#Z0#*#/;# <#0;),& ,R "%# 3/"/4/;# R,0 
#-/9)&/"),& 41 <,*G&"##0 0#<)#?#0;O 

T%# ;#+"),&; 4#*,? 3);+G;; #/+% ,R "%#;# )"#9;O 
 
2OB S#*#+"),& ,R "%# NSRDB M,3#* 
 
I& #/0*)#0 ?,0P 0#$,0"#3 41 ;#<#0/* ,R "%# /G"%,0; \2]6 "%0## 
9,3#*; ?#0# #</*G/"#3 R,0 G;# )& 9,3#*)&5 NSRDB 3/"/L 
T%# NREL M#"#,0,*,5)+/* S"/");")+/* \METSTAT] 9,3#* 
\Y]6 / 9,3#* 3#<#*,$#3 41 "%# NRCC R,0 "%# A9#0)+/& 
S,+)#"1 ,R H#/")&56 R#R0)5#0/")&5 /&3 A)0ZC,&3)"),&)&5 
E&5)&##0; \ASHRAE] \K]6 /&3 "%# SQNYAZ3#<#*,$#3 
;/"#**)"# 9,3#* \_]O T%# ;"G31 +,&+*G3#3 "%/" #/+% 9,3#* 
$#0R,09#3 +,9$/0/4*1 )& +,9$/0);,&; ?)"% 9#/;G0#3 
50,G&3 3/"/6 /&3 "%# 3#+);),& R,0 ?%)+% 9,3#* ", G;# 0#;"#3 
*#;; ?)"% "#+%&)+/* +,&;)3#0/"),&; /&3 9,0# ?)"% "%,;# ,R 
+,&<#&)#&+#O 
 
I& "%/" +,&"#-"6 ?# +%,;# "%# METSTAT 9,3#*6 ?%)+% ); 
/*0#/31 3#$*,1#3 /" NREL /&3 ,&# ?)"% ?%)+% ?# %/<# 
+,&;)3#0/4*# #-$#0)#&+#O A*;,6 4#+/G;# ,R )"; G;# ?)"% "%# 
,0)5)&/* NSRDB6 METSTAT 9/1 $0,<)3# 50#/"#0 
+,&;);"#&+1 ?)"% "%# ,*3#0 3/"/ ;#"O T%# SQNYA ;/"#**)"# 
9,3#* ?)** /*;, 4# G;#3 ", 9,3#* BJZP9 50)33#3 ;,*/0 
0/3)/"),& 3/"/ /; "%# R)0;" ;"#$ ",?/03 $0,<)3)&5 G;#0; ?)"% 
%)5%Z0#;,*G"),& 3/"/ ;G)"/4*# R,0 G#,50/$%)+ I&R,09/"),& 
S1;"#9 \GIS] /$$*)+/"),&; ,0 ,&Z3#9/&3 3/"/ R,0 /&1 
*,+/"),& )& "%# QOSO  
 
T%# %)5%Z0#;,*G"),& 50)33#3 3/"/ ;#" ?)** 4# *)9)"#3 ", "%# 
1#/0; B[[IZ2JJ_6 "%# $#0),3 R,0 ?%)+% &#+#;;/01 GOES 
)9/5#01 ?/; /0+%)<#3 41 "%# $0,e#+"O A+aG)0)&5 ,*3#0 
)9/5#01 ); 4#1,&3 "%# R)&/&+)/* 0#;,G0+#; ,R "%# $0,e#+"6 /&3 
,"%#0 )&$G" 3/"/ ;#"; R,0 "%# SQNYA 9,3#* /0# &," /</)*/4*# 
$0),0 ", B[[IO 
 
2O2 G0)33#3 A#0,;,*6 W/"#0 W/$,06 /&3 OT,&# D/"/ 
 
B,"% "%# METSTAT /&3 SQNYA 9,3#*; 0#aG)0# )&$G" 
/#0,;,*;6 ?/"#0 </$,06 /&3 ,T,&#O T%# B[6BZB[[J NSRDB 
G;#3 ,&*1 DNI 9#/;G0#9#&"; ", #;")9/"# 40,/34/&3 /#0,;,* 
,$")+/* 3#$"% \BAOD]O T,3/1 "%#0# ); 9G+% *#;; 9#/;G0#3 
DNI 3/"/ /</)*/4*#6 4G" 9G+% 9,0# /#0,;,* 3/"/ R0,9 ,"%#0 
;,G0+#;6 )&+*G3)&5 ;G& $%,",9#"#0; /&3 ;/"#**)"#Z4/;#3 
#;")9/"#;O T%#;# ;,G0+#; $0,3G+# 3/"/ "%/" /0# ;$#+"0/* 
0/"%#0 "%/& 40,/34/&3O A +,94)&/"),& ,R ;G0R/+# ;G& 
$%,",9#"016 ;/"#**)"# 3/"/ R0,9 "%# NASA MISR /&3 
MODIS ;/"#**)"#Z4/;#3 )&;"0G9#&";6 /&3 *#5/+1 DNI 
#;")9/"#; ,R BAOD /**,?#3 +0#/"),& ,R 9,&"%*1 9#/& 
#;")9/"#; ,R BAOD R,0 /** *,+/"),&; )& "%# QOSO S$#+"0/* 
AOD 3/"/ ?#0# +,&<#0"#3 )&", BAOD G;)&5 #;")9/"#3 
A&5;"0,9 A*$%/ $/0/9#"#0; R0,9 ;G& $%,",9#"01 \6]O A** 
BAOD 3/"/ ?#0# 9#05#36 )&"#0$,*/"#3 /&3 /3eG;"#3 ", *,+/* 
#*#</"),& "%0,G5% G;# ,R /& #-$,&#&")/* RG&+"),& \6]O T%#;# 



9,&"%*1 </*G#; ?#0# R)&/**1 ;9,,"%*1 R)" ", 3/)*1 </*G#; 
G;)&5 / 9#/&Z$0#;#0<)&5 )&"#0$,*/"),& 9#"%,3 \D]O 
 
F,0 ?/"#0 </$,06 NREL G;#3 "%# NASA W/"#0 W/$,0 
P0,e#+" \NWAP] 3/"/;#" R,0 3/)*1 #;")9/"#; ,R ?/"#0 </$,0 
,& / Bf - Bg 50)3O NWAP )&"#50/"#; ;,G&3)&5 3/"/ ?)"% 
;/"#**)"# 9#/;G0#9#&"; ,R /"9,;$%#0)+ ?/"#0 </$,0O F,0 "%# 
1#/0; B[IIZB[[[6 NWAP $0,<)3#; ,&+#Z3/)*1 #;")9/"#; ,R 
?/"#0 </$,0 ,& / Bf - Bf ?,0*3?)3# 50)3O F,0 1#/0; 2JJJ /&3 
2JJB6 NWAP $0,<)3#; "%# 3/"/ ,& / JO_f - JO_f 50)3 "?)+# 
3/)*1O T%#;# 3/"/ ?#0# )&"#0$,*/"#3 )& ;$/+# ", "%# *,+/"),& 
,R #/+% ,R "%# B_JK NSRDB ;"/"),&; /&3 )&"#0$,*/"#3 )& 
")9# ", $0,<)3# %,G0*1 3/"/ R,0 /** ;"/"),&; R,0 "%# 1#/0; 
B[II "%0G 2JJBO   
 
T%# 1#/0; B[I66 B[ID \R,0 "%# #</*G/"),& NSRDB]6 /&3 
2JJ2Z2JJ_ 0#aG)0#3 / &#? ;,G0+# ,R 3/"/O  NREL +%,;# "%# 
0#+#&"*1 0#*#/;#3 N,0"% A9#0)+/& R#5),&/* R#/&/*1;); 
\NARR]O  T%); 3/"/ ;,G0+# $0,<)3#; +,*G9& ?/"#0 </$,0 
#<#01 Y %,G0; ,& / &,9)&/* Y2 P9 50)3O  T%); 3/"/ $0,3G+" 
G;#; / 3/"/ /;;)9)*/"),& 9,3#* 3#0)<#3 R0,9 N/"),&/* C#&"#0 
R,0 E&<)0,&9#&"/* P0#3)+"),& \NCEP] ?#/"%#0 $0#3)+"),& 
9,3#*; ", )&"#0$,*/"# ?#/"%#0 ,4;#0</"),&; ,&", / &G9#0)+/* 
50)3O  T%# 3/"/ ,4;#0</"),&; R,0 $0#+)$)"/4*# ?/"#0 )&+*G3# 
0/3),;,&3#;6 30,$;,&3#; R0,9 /)0$*/&#;6 /&3 "%# )&R0/0#3 
0/3)/&+# 3/"/ R0,9 "%# TIROS O$#0/"),&/* W#0")+/* 
S,G&3#0ZBB ;/"#**)"# \,<#0 ?/"#0] \I]O 
 
Q;)&5 GIS "#+%&,*,516 NREL 9/"+%#3 #/+% ,R "%# B_JK 
+/&3)3/"# NSRDB ;"/"),&; ?)"% "%# &#/0#;" NARR 50)3 
$,)&"O  T%#& 3/"/ R0,9 "%# NARR 50)3; R,0 #/+% YZ%,G0 
$#0),3 ?/; 3,?&*,/3#3 /&3 )&"#0$,*/"#3 ", %,G0*1 3/"/ R)*#; 
R,0 #/+% ;"/"),&O 
 
F,0 ","/* +,*G9& ,T,&#6 3/)*1 ;/"#**)"# ,4;#0</"),&; R0,9 "%# 
T,"/* OT,&# M/$$)&5 S+/&&#0 \TOMS] /0# /</)*/4*# ,&+# 
$#0 3/1 ,& / 50)3 ?)"% ;$/")/* 0#;,*G"),& ,R Bf )& */")"G3# /&3 
BO2_f )& *,&5)"G3#O T%# 9);;)&5 3/"/ /0# 0#$*/+#3 ?)"% *,&5Z
"#09 9#/& </*G#; R,0 "%/" *,+/"),&O 
 
2OY I&$G" C*,G3 D/"/ 
 
D#<#*,$9#&" ,R "%# METSTAT 9,3#* 0#*)#3 ,& %G9/& 
,4;#0</"),&; ,R 4,"% ","/* /&3 ,$/aG# +*,G3 +,<#06 ?%)+% 
?#0# $0#<),G;*1 / 0,G")&# $/0" ,R N/"),&/* W#/"%#0 S#0<)+# 
\NWS] ;"/"),& ,$#0/"),&;O I& "%# 9)3 B[[J;6 "%# NWS 
#94/0P#3 ,& / 9/;;)<# &#"?,0P G$50/3# ", /G",9/"#3 
,4;#0</"),&;6 ?%)+% $0,<)3#; ,&*1 #;")9/"#; ,R ","/* +*,G3 
+,<#0 "%0,G5% G;# ,R "%# AG",9/"#3 SG0R/+# O4;#0<)&5 
S1;"#9 \ASOS]O  I& / $0#<),G; 0#$,0" ,& NSRDB ?,0P \[]6 
"%# /G"%,0; 3#;+0)4#3 / 9#"%,3 ", 9,3#* 4,"% ","/* /&3 
,$/aG# +*,G3 +,<#0 G;)&5 ASOS 3/"/ )& +,&eG&+"),& ?)"% 
"%# NCDC ASOS SG$$*#9#&"/* C*,G3 P0,3G+"6 ?%)+% 
$0,<)3#; +*,G3 #;")9/"#; R0,9 ;/"#**)"# )9/5#01O  
 

I& ;G4;#aG#&" NSRDB "/;P;6 ?# 3);+,<#0#3 "%# ASOS 
SG$$*#9#&"/* C*,G3 P0,3G+" ?/; &," /</)*/4*# R,0 ;#<#0/* 
%G&30#3 ,R "%# +/&3)3/"# NSRDB ;)"#;6 )&+*G3)&5 /** ;)"#; )& 
A*/;P/ /&3 9,;" )& H/?/))O T%); 0#/*)T/"),& $*/+#3 
;)5&)R)+/&" 0#;"0)+"),&; ,& "%# 5#,50/$%)+/* +,<#0/5# /&3 
&G94#0 ,R ;)"#; )& "%# &#? NSRDBO T, /330#;; "%); 
;)"G/"),&6 ?# 3#<#*,$#3 / ;"/");")+/* 9#"%,3 ,R #;")9/")&5 
+*,G3 +,<#0 41 +,9$G")&5 $0,4/4)*)"1 3);"0)4G"),&; ,R ","/* 
+*,G3 +,<#0 \,P"/;] 0#*/")<# ", ,$/aG# R,0 #<#01 ;)"# ?%#0# 
4,"% ","/* /&3 ,$/aG# 9#/;G0#9#&"; ?#0# /</)*/4*# #)"%#0 
R0,9 "%# SG$$*#9#&"/* C*,G3 9#"%,3 ,0 %G9/& 
,4;#0</"),&;O T%#;# ;)"#Z;$#+)R)+ 9,&"%*1 3);"0)4G"),&; 
3#0)<# R0,9 "%# 0#*/")<# &G94#0 ,R ,++G00#&+#; ,R #/+% ,R 
"%# &)&# ","/* +*,G3 /9,G&"; R,0 #/+% ,R "%# &)&# ,$/aG# 
+*,G3 /9,G&"; \)& ,P"/; /; /& )&"#5#0 0/&5# R0,9 J ", I]O  
 
F,0 "%); $0,+#;; ?# +,&;)3#0#3 "%# ASOS ","/* +*,G3 0#$,0" 
/; $0)9/0)*1 / 9#/;G0#9#&" ,R ,$/aG# +*,G3;6 4#+/G;# "%# 
ASOS +*,G3 9#/;G0#9#&" ); *)9)"#3 ", Y66J 9 /&3 9,;" 
"0/&;*G+#&" +*,G3; ,++G0 /4,<# "%/" /*")"G3#O A" "%,;# ")9#; 
?%#& ,&*1 ASOS 3/"/ /0# /</)*/4*#6 / ","/* +*,G3 /9,G&" 
R,0 / $/0")+G*/0 %,G0 ); 3#0)<#3 41 0/&3,9*1 ;#*#+")&5 / ","/* 
+*,G3 +,<#0 </*G# 4/;#3 ,& "%# $0,4/4)*)"1 3);"0)4G"),& 
3#0)<#3 R0,9 "%# #&;#94*# ,R 0#$,0"#3 ASOS </*G#;O F,0 
;)"#; "%/" %/<# &#)"%#0 "%# ASOS SG$$*#9#&"/* C*,G3 
P0,3G+" &,0 9/&G/* +*,G3 ,4;#0</"),&; &#+#;;/01 R,0 
+0#/")&5 "%# $0,4/4)*)"1 3);"0)4G"),&;6 "%# $0,+#;; G;#; "%# 
3);"0)4G"),& "/4*# R0,9 "%# 5#,50/$%)+/**1 &#/0#;" ;)"#O  
 
W%)*# "%# #RR#+")<#&#;; ,R "%); "#+%&)aG# 9/1 4# 3)9)&);%#3 
41 )&"#0Z/&&G/* </0)/4)*)"1 ,R 3);"0)4G"),&;6 ?# R,G&3 "%# 
3)RR#0#&+# 4#"?##& ","/* /&3 ,$/aG# +*,G3; ); "1$)+/**1 ,&*1 
,&# ,P"/ ,0 *#;;O T%G;6 "%# 3#0)</"),& ,R ","/* +*,G3 </*G#; 
/&3 $,;;)4*# #00,0; /0# ;#+,&3/01 ", "%# 3,9)&/&" ASOS 
9#/;G0#9#&"O 
 
2OK D/"/ F)**)&5 
 
T%# NSRDB G$3/"# ;$#+)R)+/"),&; R,0 C*/;; I ;"/"),&; 
)&+*G3# "%# 5,/* ,R $0,<)3)&5 ;#0)/**1 +,9$*#"# 3/"/ R,0 ;,*/0 
0/3)/"),& /&3 ;#<#0/* 9#"#,0,*,5)+/* $/0/9#"#0; )9$,0"/&" 
R,0 ;,*/0 /$$*)+/"),&; \G&*)P# "%# ,0)5)&/* NSRDB6 ?%)+% 
#-+*G3#3 R)**)&5 ,R &)5%"")9# 3/"/]O H,?#<#06 /&1 5/$; )& 
"%# 9,3#* )&$G" 3/"/ $0#<#&" 9,3#* ,G"$G" R,0 "%,;# ")9#;O 
F)**)&5 input 9#"0,*,5)+/* 3/"/ R,0 "%# 9,3#* ); $0#R#00#3 
,<#0 R)**)&5 output ;,*/0 3/"/ 4#+/G;# ,R "%# ;"/");")+/* &/"G0# 
,R METSTAT6 ?%)+% )9$,;#; &/"G0/* </0)/4)*)"1 ,& "%# 
,G"$G" 3/"/ \?%)*# ;")** +,&R,09)&5 ", *,&5Z"#09 9#/&;]O  
 
M,;" 9#"#,0,*,5)+/* 3/"/ ?#0# #-"0/+"#3 R0,9 "%# I&"#50/"#3 
SG0R/+# H,G0*1 \ISH] 3/"/ ;#" \BJ]O T%# R,**,?)&5 
$/0/9#"#0; ?#0# R)**#3 )& "%# NSRDB $0,3G+"),& 3/"/4/;#L 
","/* /&3 ,$/aG# +*,G3 +,<#06 301 4G*4 /&3 3#? $,)&" 
"#9$#0/"G0#;6 0#*/")<# %G9)3)"16 +#)*)&5 %#)5%"6 4/0,9#"0)+ 
$0#;;G0#6 ?)&3 ;$##3 /&3 3)0#+"),&6 /#0,;,* ,$")+/* 3#$"%6 



$0#+)$)"/4*# ?/"#06 /&3 ,T,&#O \R#*/")<# %G9)3)"1 ?/; &," 
$0#;#&" )& "%# ISH 3/"/ ;#" /&3 ?/; +/*+G*/"#3 G;)&5 
$;1+%0,9#"0)+ 0#*/"),&; ,R 301 4G*4 /&3 3#? $,)&" 
"#9$#0/"G0#; /R"#0 "%# +,9$*#"),& ,R /** 3/"/ R)**)&5O] 
 
A $0)9/01 5,/* ,R "%# NSRDB ); ", $0,<)3# +,9$*#"# %,G0*1 
3/"/ R,0 "#& 1#/0; \B[[BZ2JJJ] ,0 *,&5#0 ;, /; ", R,09 "%# 
4/;); R,0 3#+/3# &,09/*; /&3 9#/&;O A*"%,G5% ;%,0" 5/$; ,R 
R,G0 ,0 R)<# %,G0; +/& #/;)*1 4# R)**#3 ?)"% )&"#0$,*/"),&6 
,<#0 / "#& 1#/0 $#0),3 "%#0# 9/1 #-);" +)0+G9;"/&+#; "%/" 
+0#/"# */05#0 5/$;6 ;,9#")9#; ,R ;#<#0/* 9,&"%;O E<#& ,&# 
5/$ <),*/"#; "%# 5,/* ,R ;#0)/**1 +,9$*#"#&#;;h "%#0#R,0#6 41 
3#<#*,$)&5 9#"%,3; ", R)** 4,"% */05# /&3 ;9/** 5/$;6 ?# 
50#/"*1 )&+0#/;#3 "%# &G94#0 ,R ;)"#; )&+*G3#3 )& "%# 
NSRDBO  
 
D/"/ R)**)&5 9#"%,3; ?#0# +/"#5,0)T#3 )& R,G0 *#<#*;L 
 
B] Short-term interpolationO D/"/ 5/$; ,R G$ ", R)<# %,G0; 

?#0# R)**#3 ?)"% #)"%#0 *)&#/0 )&"#0$,*/"),& ,06 )& "%# 
+/;# ,R "#9$#0/"G0#;6 ?)"% / ;)"#Z /&3 9,&"%Z;$#+)R)+ 
3)G0&/* $0,R)*# )9$,;#3 ,& / *)&#/0 )&"#0$,*/"),&O G/$; 
"%/" #-"#&3#3 "%0,G5% "%# &)5%" ?#0# /*;, R)**#3 ?)"% 
"%); 9#"%,3O 

2] Medium-term filingO G/$; ,R G$ ", 2K %,G0; ?#0# R)**#3 
41 4G)*3)&5 /& /<#0/5# $0,R)*# R0,9 "%# ;/9# %,G0; ,R 
$0#<),G; /&3 ;G4;#aG#&" 3/1; /&3 /""/+%)&5 "%/" $0,R)*# 
", "%# #&3 $,)&"; ,R "%# 5/$O 

Y] Long-term fillingO G/$; ,R G$ ", ,&# 1#/0 ?#0# R)**#3 41 
+%/0/+"#0)T)&5 "%# 3/"/ 4#R,0# /&3 /R"#0 "%# 5/$ /&3 "%#& 
;##P)&5 "%# 9,;" ;)9)*/0 3/"/ R0,9 ,"%#0 1#/0; ", R)** "%# 
5/$O T%# R)0;" /&3 */;" B2 %,G0; ,R "%# R)** 3/"/ ?#0# 
;+/*#3 ", R)" "%# #&3 $,)&"; ,R "%# 5/$6 /&3 "%# 0#;" ,R "%# 
R)** 3/"/ ?#0# G;#3 ?)"%,G" 9,3)R)+/"),&O W%#& R)**)&5 
3#$#&3#&" $/0/9#"#0; \301Z4G*4 /&3 3#? $,)&" 
"#9$#0/"G0#6 /&3 ","/* /&3 ,$/aG# +*,G3 /&3 +#)*)&5 
%#)5%"]6 R)** 3/"/ ?#0# $G**#3 R0,9 "%# ;/9# ;,G0+# 3/"#; 
?%#& $,;;)4*#O IR "%); +,G*3 &," 4# /++,9$*);%#36 
+,G$*)&5 *)9)"; ?#0# #&R,0+#3 4#"?##& "%# $/0/9#"#0;O 

K] Last-ditch fillingO I& / R#? +/;#;6 "%# /4,<# 9#"%,3; *#R" 
5/$; 4#+/G;# ,R )&;GRR)+)#&" 3/"/ 4#R,0# /&3 /R"#0 "%# 
5/$ R,0 3#<#*,$)&5 / 3)G0&/* $0,R)*# ,0 +%/0/+"#0)T/"),&O 
I& "%#;# +/;#;6 3/"/ R0,9 "%# ;/9# 3/1; ?#0# #-/9)&#3 
R0,9 ,"%#0 1#/0; )& 0/&3,9 ,03#0 ", R)&3 /& 
G&)&"#00G$"#3 0G& ,R ;,G0+# 3/"/ ", R)** "%# 5/$O 
A33)"),&/**16 )R 4/0,9#"0)+ $0#;;G0# +,G*3 &," ,"%#0?);# 
4# R)**#36 )" ?/; 9,3#*#3 R0,9 ;)"# #*#</"),&O IR +#)*)&5 
%#)5%" +,G*3 &," 4# R)**#36 )" ?/; 9,3#*#3 R0,9 / ;)9$*# 
0#50#;;),& ?)"% ,$/aG# +*,G3 +,<#0O  
 

T%# 3/"/ R)**)&5 $0,+#;; +0#/"#; *,5 R)*#; R,0 9#"%,3; "%0## 
/&3 R,G0 ", 3,+G9#&" "%# ;,G0+# 1#/0 ,R "%# R)** 3/"/O W# 
$*/& ", +,&;)3#0 "%# "1$# /&3 3#&;)"1 ,R 3/"/ R)**)&5 ?%#& 
3#0)<)&5 "%# G&+#0"/)&"1 ,R "%# 9,3#*#3 3/"/O 
 

2O_ T)9#Z;%)R")&5 S/"#**)"# M,3#* D/"/ 
 
T%# SQNYA ;/"#**)"# 9,3#* $0,3G+#; ;,*/0 #;")9/"#; 4/;#3 
$0)9/0)*1 ,& )&$G" R0,9 G#,;"/"),&/01 O$#0/"),&/* 
E&<)0,&9#&"/* S/"#**)"# \GOES] )9/5#;O T%#;# )9/5#; 
,0)5)&/"# R0,9 "?, ;/"#**)"#; i GOES E/;" /&3 GOES W#;" 
i ?)"% "%# 3)<)3)&5 *)&# 4#"?##& "%# "?, 4#"?##& BJ_fZBBJf 
?#;" *,&5)"G3#O T%# GOES E/;" )9/5#; ,++G0 /" B_ 9)&G"#; 
/R"#0 "%# %,G0 /&3 GOES W#;" )9/5#; /" "%# ",$ ,R "%# %,G0 
\0#R#00#3 %#0#/R"#0 /; LB_ ,0 LJJ )9/5#; 0#;$#+")<#*1]O T%#;# 
)9/5#; /&3 0#;G*")&5 ;,*/0 #;")9/"#; #RR#+")<#*1 0#$0#;#&" 
+,&3)"),&; /" "%# 9,9#&" ,R )9/5# /+aG);)"),&O H,?#<#06 
"%# +,&<#&"),& R,0 NSRDB ;,*/0 R)#*3; ); "%/" /& %,G0Z
#&3)&5 ")9# ;"/9$ 0#$0#;#&"; /& )&"#50/"#3 %,G0*1 </*G#O 
A*"%,G5% "%#0# ); &, ?/1 ", "0/&;R,09 "%# )&;"/&"/&#,G; 
</*G# ", /& %,G0*1 )&"#50/"#3 </*G#6 "%#0# ); ;,9# "#9$,0/* 
/; ?#** /; ;$/")/* )&"#50/"),& )&%#0#&" )& / BJJZP92 $)-#* /; 
/** +*,G3; $/;;)&5 "%0,G5% "%/" $)-#* /0# )&"#50/"#3 ,$")+/**1 
/" "%# )&;"/&" ,R )9/5# /+aG);)"),& ,0 3G0)&5 ;G4;#aG#&" 
$0,+#;;)&5O  I& "%); 0#5/036 ?# +,&;)3#0 "%# ;/"#**)"# )9/5# 
/& %,G0*1Z)&"#50/"#3 </*G# centered ,& "%# ")9# ;"/9$O B1 
;)9$*# +,&<#&"),&6 "%); ;/9# </*G# ); #aG)</*#&" ", /& hour-
ending )&"#50/"#3 </*G# 41 ;)9$*1 9,<)&5 "%# ")9# ;"/9$ ", 
"%# #&3 ,R "%# )&"#50/"),& $#0),3O F,0 #-/9$*#6 / B2LJJ %,G0Z
+#&"#0#3 </*G# ); "%# ;/9# /; / B2LYJ %,G0Z#&3)&5 </*G#6 ,0 
/ B2LB_ %,G0Z+#&"#0#3 </*G# ); "%# ;/9# /; / B2LK_ %,G0Z
#&3)&5 </*G#O  
 
T%# $0)9/01 +%/**#&5# R,+G;#; ,& "%# ;%)R" )& ")9# R0,9 "%# 
%,G0Z+#&"#0#3 LJJ ,0 LB_ </*G# ", "%# NSRDB +,&<#&"),& 
"%/" /*?/1; #&3; #-/+"*1 ,& "%# %,G0O AR"#0 /+%)#<)&5 "%# 
&#+#;;/01 "#9$,0/* ;%)R"6 "%# ;%)R" )& ")9#Z;"/9$ +,&<#&"),& 
); "0)<)/*O A++,9$*);%)&5 "%# "#9$,0/* ;%)R" 0#aG)0#; 0#/*);")+ 
#;")9/"#; ,R )&"#0)9Z%,G0 </*G#; "%/" "/P# )&", /++,G&" &," 
,&*1 "%# 9#/;G0#3 </*G#;6 4G" /*;, P&,?& 5#,9#"0)+ /&3 
/"9,;$%#0)+ +%/0/+"#0);")+; ,R ;,*/0 0/3)/"),&O  
 
T%#;# +%/0/+"#0);")+; +/& 4# 3#;+0)4#3 G&3#0 +*#/0 ;P1 
+,&3)"),&; /; / RG&+"),& ,R "%# ;,*/0 T#&)"% /&5*# /&3 "%# 
$/"% *#&5"% "%0,G5% "%# /"9,;$%#0#O T%#;# $/0/9#"#0; /0# 
G;#3 ", &,09/*)T# 9#/;G0#3 </*G#;O T%#& )&"#0)9 </*G#; /" 
"%# 3#;)0#3 ")9# +/& 4# ;#*#+"#3 /&3 +,&<#0"#3 4/+P ", ;,*/0 
</*G#; "%/" R,**,? #-$#+"#3 $0,R)*#;O S)9$*# )&"#0$,*/"),& 
3,#; &," ;GRR)+# /; )" 4,"% R/)*; ", 9)9)+ "0G# 9#/;G0#9#&"; 
/&3 0#3G+#; "%# "0G# </0)/4)*)"1 )& 9#/;G0#3 3/"/O 
 
O&# 30/?4/+P ,R "%); ;%)R")&5 9#"%,3 /$$*)#3 
)&;"/&"/&#,G;*1 /$$#/0; /; / R/)*G0# ", 9/)&"/)& 3/)*1 ","/* 
</*G#;6 /& )9$,0"/&" 9#/;G0# ,R "%# ;,*/0 0#;,G0+#O I& 
#-/9)&)&5 /&&G/* ;%)R"#3 3/"/ ;#";6 ?# %/<# R,G&3 /&1 
/550#5/"# #00,0; )&"0,3G+#3 41 "%# 9#"%,3 ", 4# "1$)+/**1 
*#;; "%/& ,&#Z%/*R $#0+#&"O FG0"%#0 ;"G31 ); 0#aG)0#3 ", 
)&<#;")5/"# "%# $,;;)4)*)"1 ,R / ;#/;,&/* ,0 5#,50/$%)+/* 4)/;O 
 
 



2O6 M#/;G0#3 S,*/0 R/3)/"),& 
 
T%)0"1Z"%0## ;,*/0 9#/;G0#9#&" ;)"#; ?)"% &#/041 
9#"#,0,*,5)+/* ;"/"),&; ?#0# )3#&")R)#3 /&3 3/"/ /+aG)0#3 
R0,9 </0),G; ;,*/0 &#"?,0P;6 )&+*G3)&5 NOAA SQRFRAD 
/&3 ISIS6 Q&)<#0;)"1 ,R O0#5,&6 Q&)<#0;)"1 ,R T#-/;6 "%# 
NREL HBCQ &#"?,0P6 /&3 ,"%#0;O T%#;# 3/"/ ?#0# 
)&"#50/"#3 ", %,G0*1 </*G#;6 ;G4e#+"#3 ", aG/*)"1 /;;#;;9#&" 
$0,+#3G0#;6 /&3 /33#3 ", "%# $0,3G+"),& 3/"/4/;#O 
 
T?#*<# ;)"#; #9$*,1 0,"/")&5 ;%/3,?4/&3 0/3),9#"#0; 
\RSR;] /; / *,?Z+,;" 9#"%,3 ,R +,**#+")&5 3/"/O T%#;# 
)&;"0G9#&"; %/<# P&,?& 3#R)+)#&+)#; 0#*/"#3 ", / &,&Z*)&#/0 
;$#+"0/* ;#&;)")<)"1 ,R "%# ;#&;,0O P/0" ,R "%# ?,0P #RR,0" 
",?/03 0#*#/;# ,R "%# NSRDB )&<,*<#; 0#R)&)&5 /&3 
/$$*1)&5 / +,00#+"),& /*5,0)"%9 /" "%# Q&)<#0;)"1 ,R O0#5,& 
S,*/0 M,&)",0)&5 L/4,0/",01 R,0 RSR 3/"/ )& "%# 9#/;G0#3 
;,*/0 3/"/ R)#*3;O 
 
2OD P0#Z0#*#/;# E</*G/"),& D/"/ S#" 
 
T, R,09 / $0#*)9)&/01 NSRDB R,0 #-$#0" #</*G/"),&6 ?# 
/;;#94*#3 /& )&$G" 3/"/ ;#" R,0 1#/0; B[I6Z2JJ_ /&3 0/& /** 
$0,+#;;#; ", $,$G*/"# /** ;,*/0 /&3 9#"#,0,*,5)+/* R)#*3; ,R 
"%# $0,3G+"),& 3/"/4/;#O T%# 1#/0; B[I6ZB[[J ?#0# 
)&+*G3#3 )& "%); #</*G/"),& 3/"/ ;#" ", $0,<)3# ,<#0*/$ 1#/0; 
", +,9$/0# ?)"% "%# ,0)5)&/* B[6BZB[[J NSRDBO T%#;# 
1#/0; ?)** &," 4# )&+*G3#3 )& "%# B[[BZ2JJ_ G$3/"#O 
 
T, "%# ,G"$G" 3/"/ ;#" ?# /33#3 9#/;G0#3 ;,*/0 0/3)/"),& R,0 
YY ;)"#;6 "%# /</)*/4*# 3/"/ R0,9 "%# ;/"#**)"# 9,3#* \41 
#-"0/+")&5 </*G#; R0,9 "%# $)-#*; "%/" 0#$0#;#&" #/+% 
;"/"),&]6 /&3 "%# B[I6ZB[[J ;,*/0 R)#*3; R0,9 "%# ,0)5)&/* 
NSRDBO A33)"),&/**16 ?# +0#/"#3 ;#<#0/* ;G99/01 3/"/ 
;#"; R,0 /&/*1;);O 
 
 
YO  ANALYSIS OF NSRDB METHODS 
 
A 50,G$ ,R <,*G&"##0 0#<)#?#0; ?/; ;,*)+)"#3 R0,9 #-$#0"; 
)& ;#<#0/* R)#*3; ?%, %/3 #-$#0)#&+# ?)"% "%# ,0)5)&/* 
NSRDBO T%); 50,G$ ?/; "/;P#3 ?)"% *,,P)&5 /" "%# 3/"/ /&3 
9#"%,3; R,0 4,"% "%# aG/*)"1 \+,00#+"&#;;] ,R "%# 3/"/ /&3 )"; 
G;/4)*)"1O Q;)&5 R##34/+P R0,9 "%); #</*G/"),&6 ?# ?)** 
#)"%#0 9,3)R1 "%# $0,+#;; ", +,00#+" ;%,0"+,9)&5; \RG&3)&5 
$#09)"")&5] ,0 3,+G9#&" "%# *)9)"/"),&; /&3 "%#)0 
)9$*)+/"),&; ", G;#0;O 
 
A; / $0#*)9)&/01 /&/*1;);6 ?# #-/9)&#3 "%# "#;" +/;# ,R 
M)/9)6 F*,0)3/ R,0 B[II ", #</*G/"# 3)RR#0#&+#; 4#"?##& "%# 
,*3 /&3 &#? <#0;),&; ,R "%# NSRDBO W# +,9$G"#3 "%# 
/&&G/* /&3 9,&"%*1 9#/& 5*,4/*6 3)0#+" /&3 3)RRG;# 
)00/3)/&+#; R0,9 4,"% <#0;),&;O F)5O 2 ;%,?; "%# /&&G/* 
9#/&; ,R 5*,4/*6 3)0#+" /&3 3)RRG;# )00/3)/&+# R0,9 "%# "?, 
<#0;),&; 3)RR#0#3 41 BJ6 [6 /&3 _ Wj92 0#;$#+")<#*1O T%# 

9,&"%*1 9#/&; 3)RR#0#3 41 /" 9,;" 2_ Wj92 \6b] )& M/0+%O 
F,0 #)5%" ,R "%# "?#*<# 9,&"%;6 "%# 9,&"%*1 9#/& 
3)RR#0#&+#; ?#0# *#;; "%/& BJ W9j2 \*#;; "%/& _b ,R "%# 
9#/& </*G#]O S)&+# "%# G&+#0"/)&"1 )& "%# ,0)5)&/* NSRDB ); 
#;")9/"#3 ", 4# /" *#/;" k[b6 "%# "?, )&3#$#&3#&" $0,+#;;#; 
/0# $#0R,09)&5 +,9$/0/4*1O T%#0# ); /& /$$/0#&" "#&3#&+1 
R,0 "%# &#? <#0;),& ", +,&;);"#&"*1 $0,3G+# / *,?#0 9,&"%*1 
/&3 /&&G/* 9#/& \$,;)")<# 3)RR#0#&+#; )& 9#/&;]O T%); 9/1 
4# 3G# ", "%# 3)RR#0)&5 ;,G0+#; ,R /&3 /$$*)+/"),& ,R +*,G36 
/#0,;,*6 /&3 ?/"#0 </$,0 )&$G" 3/"/ )& "%# "?, <#0;),&;O 

F)5O 2L M,&"%*1 \4/0;] /&3 /&&G/* \*)&#;] 9#/& 3)RR#0#&+#; 
)& ,*3 /&3 &#? NSRDB <#0;),&; R,0 M)/9)6 FLO 
 
 
KO CQRRENT AND FQTQRE WORl 
 
S#<#0/* );;G#; 0#9/)& ", $0#$/0# R,0 R)&/* 0#*#/;# ,R "%# 
NSRDB /&3 ", *,,P /%#/3 ", RG"G0# #&%/&+#9#&";O  
 
KOB D/"/ D);"0)4G"),& 
 
A; ?)"% "%# ,0)5)&/* NSRDB6 "%# N/"),&/* C*)9/")+ D/"/ 
C#&"#0 \NCDC] ?)** 9/&/5# /&3 3);"0)4G"# "%# G$3/"#3 
NSRDBO NCDC 3);"0)4G"#3 "%# B[6BZB[[J NSRDB /; "%# 
Solar and Meteorological Surface Observation Network 
\SAMSON] 3/"/ ;#"O O&5,)&5 ?,0P R,+G;#; ,& )3#&")R1)&5 
"%# 4#;" 9#"%,3 ,R 3);"0)4G"),& /&3 3#"#09)&)&5 %,? ", 
)&"#50/"# "%# 9G+% */05#0 50)33#3 3/"/ ;#"; )& "%# NSRDB 
3);"0)4G"),& $/+P/5#O M,&"%*1 ,0 /&&G/* ;G99/01 9/$; /&3 
G&3#0*1)&5 3/"/ 9/1 /*;, 4# $/0" ,R 3/"/ ;#"; /</)*/4*#O 
 
KO2 FG"G0# Q$3/"#; 
 
W# #-$#+" ", 0#*#/;# "%# G$3/"#3 NSRDB )& 9)31#/0 2JJ6O 
I& /33)"),& ", "%# "/05#" B[[BZ2JJJ 3#+/3# G$3/"#6 "%# 
0#*#/;# ?)** )&+*G3# R)<# )&+0#9#&"/* /&&G/* G$3/"#; R0,9 
2JJBZ2JJ_O FG&3)&5 $#09)"")&56 ?# $*/& /&&G/* NSRDB 
)&+0#9#&"/* G$3/"#; ,& / 1#/0*1 4/;); /; )&$G" 3/"/ 4#+,9# 
/</)*/4*#O I& 2JBB6 / 2JJBZ2JBJ 3#+/3# G$3/"# ); $*/&&#3O 
 



KOY A C,9$,;)"# B[DBZ2JJJ NSRDB 
 
M,;" ,R "%# 2Y[ ;)"#; $,$G*/")&5 "%# ,0)5)&/* B[6BZB[[J 
NSRDB /$$#/0 )& "%# 0,;"#0 ,R C*/;; I ;)"#; )& "%# 
$0#*)9)&/01 G$3/"#3 NSRDBO cG;")R)+/"),&; #-);" R,0 
$0,3G+)&5 /& G$3/"#3 YJZ1#/0 B[DBZ2JJJ 3/"/4/;#O A9,&5 
"%#9 /0# G$3/")&5 YJZ1#/0 &,09;6 +0#/")&5 / T1$)+/* 
M#"#,0,*,5)+/* Y#/0 \TMY]6 /&3 $0,<)3)&5 G$3/"#3 )&$G" 
3/"/ R,0 /$$*)+/"),&; G;)&5 "%# ,0)5)&/* NSRDBO W,0P ); 
$*/&&#3 ", #</*G/"# "%# #RR#+"; ,R +%/&5#; )& 9#"%,3; /&3 
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